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Anomalies of the external ear and hearing apparatus 
are seen in 66–99% of patients diagnosed with craniofa-
cial microsomia with variabilities in severity.1,2 Treatment 
for patients with microtia and canal atresia requires con-
sideration for the external ear deformity as well as reha-
bilitation of hearing loss.
Autologous rib cartilage is the most common ma-
terial for external ear reconstruction due to complete 
biocompatibility and low infectivity.3–5 Although varia-
tions of surgical techniques have been reported, modern 
 reconstruction generally requires 1 or 2 major stages, 
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harvest of rib cartilages, sculpting of the cartilages into 
a well-defined ear, and a thin, albeit well perfused, skin 
flap.6,7 Beyond the conceptual generalities, the details of 
the cartilage constructs and skin incisions are dependent 
on the individual deformity. Firmin4 classified cartilage 
constructs into 3 major types: I, full construct containing 
all anatomical components (including helical rim, anti-
helix, tragus, anti-tragus, lobule), II, construct without 
the tragus, or III, construct without the tragus or anti-tra-
gus. Similarly, skin incisions were classified into 4 major 
types: I, Z plasty incision, II, transverse (transfixion) inci-
sion, IIIa, incision over the vestigial cartilage for 1-stage 
reconstruction, and IIIb, incision away from the vestige.4 
Such classifications account for differences in cartilage de-
formities, skin availability, and location of the remnant. 
Drawbacks of autologous ear reconstruction include steep 
learning curve, disruption of the costal anatomy, revisions, 
and variable long-term resorption, which may affect the fi-
nal aesthetic outcome.8 Aesthetic results in autologous ear 
reconstruction are, thus, challenging to achieve causing 
significant frustration to surgeons.
Timing of autologous ear reconstruction requires con-
sideration of the external ear development, psychosocial 
development of children with craniofacial anomalies, and 
the availability of cartilage for reconstruction.9 Farkas’s 
seminal work in characterizing the external ear growth 
from birth to maturity demonstrated that the external ear 
width reached nearly the mature size in males at 7 years 
and females at 6 years, whereas length reached 86.6% of 
the mature size by 5 years. In terms of psychosocial ramifi-
cations, we and others have reported that significant psy-
chosocial disturbances occur specifically in children with 
craniofacial anomalies between 8 and 10 years of age in-
cluding increased anxiety, depression, poor peer relation-
ships, obsessive-compulsive behavior, and aggression.10,11 
For these reasons, many surgeons will aim to perform re-
construction between ages 6 and 8 years.
In patients with microtia, both conductive and sensori-
neural hearing loss occur in excess of the general popula-
tion secondary to external auditory canal atresia and nerve 
abnormalities.12 Thus, treatment of microtia and atresia 
requires both reconstruction of the external ear as well as 
addressing the functional hearing impairment. Aural atre-
sia is frequently found in combination with fusion of the 
malleus and incus and varying deformity of the ossicles.13 
Treatment of hearing impairment can be accomplished 
nonsurgically, with external hearing aids, or surgically. 
Surgical correction includes canaloplasty, reconstruction 
of the tympanic membrane, and potentially implant place-
ment in the presence of malformed ossicles. However, 
when the facial nerve path is anomalous, canaloplasty may 
not be an option. In such patients, a bone-anchored hear-
ing aid (BAHA) is generally recommended.14–16
One limitation in the current literature on microtia 
reconstruction is the lack of information on outcomes 
with regard to treatment of the external ear and hearing 
impairment as a system. In this study, we review character-
istics and variables in patients with craniofacial microso-
mia affecting the external ear and hearing apparatus that 
affect 3 long-term outcomes measures: wound complica-




Patients over 13 years of age with craniofacial micro-
somia treated between 2008 and 2014 at the University of 
California Los Angeles (UCLA) Craniofacial Clinic were 
included (UCLA IRB #11-000925). Patients were exclud-
ed if unidentified operative interventions before entry 
into the craniofacial clinic were performed, other cra-
niofacial syndromes were diagnosed, and if the patients 
were lost to follow-up before completion of surgical plan. 
Operative reports, clinic evaluations, photographs, and 
audiograms were reviewed to assess patient characteris-
tics, surgical algorithm, and 4 outcomes measures: com-
plications, surgical revisions, aesthetics, and psychosocial 
function. For aesthetic outcomes, 3 observers evaluated 
frontal and lateral photographs of all patients and rated 
the reconstructed ear on a scale of 3 with the following 
criteria: 3 (excellent)—all external ear anatomy well vi-
sualized, excellent projection, no revisions necessary; 
2 (moderate)—major external ear anatomy visualized, 
reasonable projection, minor revisions may improve out-
come; 1 (poor)—abnormalities in multiple anatomical 
components of the ear, major revisions necessary. Psycho-
social function was derived from multidisciplinary records 
that detailed patient or parent-reported academic perfor-
mance, relationships with family and friends, depression, 
anxiety, and anger. Function was rated as “good” or “poor.”
Treatment Algorithm
All patients started ear reconstruction between ages 5 
and 18 years. First-stage ear reconstructions were per-
formed using a modified Nagata/Firmin technique as de-
scribed previously.3,4,6,17 Six months or more after first-stage 
reconstruction, the cartilage construct was elevated using 
banked costal cartilage. In a number of patients, we used a 
temporoparietal fascial flap for elevation. Minor revisions 
such as deepening of the conchal bowl, tragal revisions, lob-
ule revisions, and deepening of the postauricular sulci oc-
curred frequently following the completion of the primary 
stages of reconstruction. For hearing loss, all patients were 
recommended hearing aids or frequency modulation sys-
tems on initial evaluation. Correction of aural atresia with 
canaloplasty occurred following the second stage of micro-
tia reconstruction and frequently in conjunction with ear 
revision. Placement of osseointegrated BAHA occurred in 
the event that a canaloplasty could not be performed, re-
current stenosis of reconstructed canals, or patient/family 
preference.
Statistical Analyses
Statistical analyses were performed using SPSS V.23 
(SPSS, Inc., Chicago, Ill.). Descriptive statistics were report-
ed. For total number of postoperative complications and 
number of surgeries, simple, robust negative binomial re-
gression analyses were used to evaluate predictors for count 
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outcomes. For aesthetic ratings, Poisson regression analy-
ses were used to evaluate predictors. Incidence rate ratios 
(IRR), 95% confidence intervals (95% CIs), and P values 
were reported. For psychosocial outcomes, univariate lo-
gistic regression analyses were used to evaluate predictors. 
Odds ratios (ORs), 95% CI, and P values were reported. 
Pre- and postoperative differences in speech reception 
threshold from audiograms were compared using paired 
samples Student’s t test. P < 0.05 was considered significant.
RESULTS
Patient and Surgical Characteristics
Of the 68 patients who met inclusion criteria, 62 pa-
tients (91.2%) had auricular abnormalities (Table 1). 
In total, 67.7% of patients with microtia were male, and 
63.8% occurred on the right side in unilateral cases; 
24.2% of patients had bilateral microtia, usually of vary-
ing severity; and 75.3% of external ear abnormalities were 
categorized as grade III microtia.
A total of 75 ears were affected, of which, 10 were not 
surgical candidates due to the low severity of the deformity 
(grade I ears). One patient had an osseointegrated implant. 
In 5 patients with grade II ears, reconstructions were per-
formed with suturing, local tissue rearrangement, or auric-
ular cartilage grafts due to the lower severity. In 3 patients, 
reconstruction was not undertaken for unknown reasons. 
A total of 56 ears underwent total ear reconstruction using 
a modified Nagata/Firmin technique using autologous rib 
cartilage (Table 2). First stage of reconstructions occurred 
at an average of 8.5 years of age (range, 5.5–18.7 years). 
Using the Firmin classification system to describe cartilage 
constructs and incisions in ear reconstruction,4 35.7% of 
patients received a type I complete cartilage framework, 
14.3% of patients received a type II (no tragus) cartilage 
framework, and 50.0% of patients received a type III (no 
tragus, no anti-tragus) framework. A type II transfixion, uti-
lized in 64.2% of first-stage procedures, was the most com-
monly used skin incision, followed by type I (16.1%) and 
type IIIb (10.7%). Four ears were completed in 1 stage due 
to the presence of adequate skin coverage.
Second stage of reconstructions occurred at an aver-
age age of 9.5 years (range, 6.3–18.5) with 1.25 years on 
average elapsing between the first and second stages. The 
majority of second-stage procedures were completed us-
ing cartilage to elevate the cartilage construct (n = 52) 
with Medpor used in 2 procedures as an elevation block. A 
temporoparietal or occipital fascial flap was used in 46.2% 
of the second-stage procedures. To determine aesthetic 
outcomes, 3 independent observers rated reconstructed 
ears on frontal and lateral photographs with a scale of 1–3 
with higher scores denoting better outcomes. The mean 
summed score for the cohort was 5.56 (range, 3–9).
All complications resultant from ear reconstruction were 
secondary to wound complications with no evidence of any 
systemic complications (Table 3). When each stage was sepa-
rately analyzed, first-stage ear reconstructions resulted in a 
17.9% complication rate and second-stage reconstructions 
resulted in an 18.0% complication rate. Two of the second-
stage procedures utilized porous polyethylene for elevation, 
and these cases were excluded from the complication rate 
for autologous reconstructions. Of note, both these cases 
resulted in extrusion, infection, and removal of the porous 
polyethylene. Reconstruction revisions resulted in a small 
complication rate of 4.3%. None of the complications re-
quired complete removal of the cartilage construct.
Revisions occurred commonly after completion of ear 
reconstruction with 46 patients requiring a revision of the 
lobule, deepening of the concha, tragus, deepening of the 
helical root, or projection of the construction. In virtually 
all cases, each surgical revision was a combination of pro-
cedures for refinement of the final result.
Hearing Loss and Atresia Reconstruction in Microtia 
Patients
Fifty-four of the 62 patients (87.1%) with external ear 
abnormalities had documented hearing loss. Forty-four 
Table 1. Patient Characteristics
Descriptor N (%)
Sex  
  Male 42 (67.7)
  Female 20 (32.3)
Laterality  
  Right only 30 (48.4)
  Left only 17 (27.4)
  Bilateral 15 (24.2)
Microtia severity  
  Grade I 10 (13.0)
  Grade II 7 (9.1)
  Grade III 58 (75.3)
  Hearing loss 54 (87.1)
  Conductive 44 (81.5)
  Mixed 10 (18.5)
Table 2.  Surgical Characteristics
Stage of Ear Reconstruction  
First stage (n = 56)  
  Age, mean years (range) 8.5 (5.5–18.7)
  Cartilage framework, n (%)  
   Type I (complete) 20 (35.7)
   Type II (no tragus) 8 (14.3)
   Type III (no tragus, no anti-tragus) 28 (50.0)
  Skin incision, n (%)  
   Type I (W plasty) 9 (16.1)
   Type II (transfixion) 36 (64.2)
   Type IIIa 5 (8.9)
   Type IIIb 6 (10.7)
Second stage (n = 52)  
  Age, mean years (range) 9.5 (6.3–18.5)
  Usage of fascial flap, n (%) 22 (46.2)
  Aesthetic rating, mean (range) 1.81 (1.00–3.00)
Table 3. Surgical Complications
Stage of Reconstruction N (%)
After autologous first stage (n = 56) 10 (17.9)
  Exposures 9 (16.1)
  Infections 2 (3.6)
  Complete removal of cartilage 0 (0.0)
After autologous second stage (n = 50) 9 (18.0)
  Exposures 8 (16.0)
  Infections 1 (2.0)
  Complete removal of cartilage 0 (0.0)
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patients (81.5%) had conductive hearing loss, and 10 pa-
tients (18.5%) had mixed sensorineural and conductive 
hearing loss (Table 4). Mixed hearing loss was bilateral 
in 70.0% of patients, whereas conductive hearing loss was 
only bilateral in 29.5% of patients. Of the patients with 
mixed hearing loss, 8 (80.0%) had grade III microtia, 1 
patient (10.0%) presented with anotia, and 1 patient 
(10.0%) only had grade I microtia.
Hearing deficits were treated in 38 patients (70.4%), 
despite clinical recommendations for all hearing loss to be 
addressed. Among those treated for hearing impairment, 
16 patients (42.1%) opted for nonsurgical treatment using 
external hearing aids and 22 (57.9%) underwent surgery to 
correct hearing loss. Canaloplasty was performed in 16 pa-
tients. Correction of aural atresia with canaloplasty occurred 
following the second stage of microtia reconstruction and fre-
quently in conjunction with ear revision. In total, 17 BAHAs 
were placed in 12 patients. Placement of osseointegrated BA-
HAs occurred in the event that a canaloplasty could not be 
performed, recurrent stenosis of reconstructed canals, or de-
pending on the wishes of the patient and family. Five patients 
underwent both canaloplasty and BAHA during treatment; 
2 patients had canaloplasty in 1 ear and BAHA placement in 
the other, whereas the other 3 received a BAHA after failure 
of canaloplasty to adequately correct hearing loss. The differ-
ences in revisions and complications between BAHA usage 
and canaloplasty did not reach statistical significance.
To compare the pre- and postoperative hearing results, 
audiograms were analyzed using paired samples t test to 
determine the results of surgical intervention on speech 
reception threshold, the lowest intensity level (in deci-
bels hearing level, dB HL) at which that the patient can 
correctly identify 50% of common 2-syllable words. Sig-
nificant difference in the presurgery (48.1 ± 16.2 dB) and 
postsurgery (36.3 ± 20.0 dB) scores were found (P = 0.03).
Predictors of Total Number of Surgeries, Complications, 
and Aesthetic Ratings
To elucidate factors that predict surgical outcomes, 
patient and surgical variables were utilized in negative 
binomial regression analyses for 2 count outcomes: to-
tal number of surgeries (Table 5) and complications 
( Table 6). Additionally, patient and surgical variables were 
utilized in Poisson regression analyses for another count 
outcome: aesthetic ratings (Table 7).
The majority of patient characteristics including 
gender, laterality, involvement of surrounding anato-
my, hearing loss, and psychosocial problems did not 
demonstrate any association to numbers of surgeries, 
complications, or aesthetic ratings. Patients with more 
severe microtic presentations required more surgeries 
to achieve optimal results than did patients with less 
severe presentations (IRR, 4.350; 95% CI, 2.140–8.843; 
P < 0.001). In addition, higher severity was associ-
ated with a lower aesthetic rating (IRR, 0.763; 95% CI, 
0.658–0.886; P < 0.001). However, patients with more se-
vere microtia did not have higher rates of exposures or 
infections when compared with patients with less severe 
deformities (P = 0.193).
In terms of surgical characteristics, age at the time of 
surgery, types of cartilage constructs, types of incisions, 
Table 4. Hearing Loss and Treatment of Hearing 
Impairment
Descriptor N (%)
Total patients with documented hearing loss 54 (87.1)
Type of hearing loss  
  Conductive only 44 (81.5)
  Mixed sensorineural and conductive 10 (18.5)
Nonsurgical treatment (external hearing aids) 16 (29.6)
Atresia repair/canaloplasty 16 (29.6)
  Infections 1 (6.3)
  Revisions 7 (43.8)
BAHA 12 (22.2)
  Infections 2 (16.7)
  Revisions 3 (25.0)
No treatment 16 (29.6)
Table 5. Negative Binomial Regression of Patient and 
Treatment Variables for Total Number of Surgeries
Patient and Treatment Variables IRR 95% CIs P
Patient variables    
  Gender 0.816 0.599–1.189 0.289
  Laterality 1.096 0.875–1.374 0.425
  Severity of microtia 4.350 2.140–8.843 < 0.0001
  Mandibular involvement 1.259 0.851–1.861 0.249
  Hearing loss 2.082 0.532–8.142 0.292
  Psychosocial issues 0.733 0.498–1.079 0.115
Surgical variables: first stage  
ear reconstruction
   
  Age at first stage ear  
reconstruction
0.956 0.906–1.009 0.100
  Type of cartilage framework 1.103 0.947–1.285 0.209
  Type of skin incision 1.055 0.942–1.181 0.355
Surgical variables: second stage  
ear reconstruction
   
  Age at second stage ear  
reconstruction
0.969 0.903–1.039 0.375
  Usage of fascial flap 0.888 0.671–1.176 0.407
Treatment of hearing loss    
  Any treatment of hearing loss 1.352 0.932–1.960 0.112
  Surgical treatment of hearing loss 1.382 0.978–1.953 0.067
Total number of complications 1.411 1.201–1.659 < 0.001
Table 6. Negative Binomial Regression of Patient and 
Treatment Variables for Total Number of Complications
Patient and Treatment Variables IRR 95% CIs P
Patient variables    
  Gender 1.565 0.667–3.668 0.303
  Laterality 1.330 0.825–2.145 0.241
  Severity of microtia 3.300 0.547–19.923 0.193
  Mandibular involvement 2.022 0.514–7.953 0.314
  Hearing loss 0.335 0.099–1.135 0.079
  Psychosocial issues 0.696 0.311–1.554 0.376
Surgical variables: first stage  
ear reconstruction
   
  Age at first stage ear reconstruction 0.918 0.813–1.036 0.166
  Type of cartilage framework 1.362 0.900–2.060 0.144
  Type of skin incision 0.909 0.624–1.323 0.618
Surgical variables: second stage  
ear reconstruction
   
  Age at second stage ear  
reconstruction
0.947 0.837–1.072 0.388
  Usage of fascial flap 0.858 0.409–1.803 0.686
Treatment of hearing loss    
  Any treatment of hearing loss 0.968 0.415–2.258 0.939
  Surgical treatment of hearing loss 1.333 0.606–2.934 0.475
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or treatment of hearing loss did not result in statistically 
significant differences in total number of surgeries, com-
plications, or aesthetic ratings. Not surprisingly, total num-
ber of complications predicted total number of surgeries 
(IRR, 1.411; 95% CI, 1.201–1.659; P < 0.0001). In addition, 
increased number of surgeries predicted lower aesthetic 
ratings (IRR, 0.954; 95% CI, 0.927–0.982; P = 0.001), but 
increased complications was not associated with a statisti-
cally significant difference in aesthetic ratings.
Treatment of Hearing Loss Predicts Improved Psychosocial 
Outcomes
Nineteen patients (30.7%) had documented patient or 
parent-reported deficits in school performance and psy-
chosocial function, including depression, anxiety,  anger, 
or difficulties with peer interactions, during routine annu-
al team evaluations. Thirty-nine patients (62.9%) reported 
good academic standing, mood, and social interactions. 
Data on psychosocial function and school performance 
were missing for 4 patients. Patient and surgical variables 
were analyzed in a univariate logistic regression to deter-
mine predictors of improved psychosocial outcomes (Ta-
ble 8). Of all independent variables, treatment of hearing 
loss was the only statistically significant predictor of good 
psychosocial outcomes (OR, 4.889; 95% CI, 1.459–16.381; 
P = 0.010). Neither surgical nor nonsurgical treatment of 
hearing loss alone proved to be significant independently.
DISCUSSION
In this work, we review our long-term experience treat-
ing microtia and aural atresia in patients with craniofacial 
microsomia focusing on 4 outcomes measures: number of 
surgeries, number of postsurgical complications, aesthetic 
outcomes, and psychosocial outcomes. The demographics 
and characteristics of the patients with microtia are similar 
to those previously reported in the literature.1,13,18 When we 
reviewed the surgical characteristics of the cohort, we found 
that age, severity of deformity, type of incision, or size of car-
tilage construct were not associated with postsurgical com-
plications, which were uniformly related to exposure and 
infection. All complications were salvaged with either simple 
closure of the exposed area or a local, small fascial flap with 
skin grafting. None of the cases required complete removal 
of the cartilage construct. Two factors were significantly as-
sociated with increased number of surgeries: severity of the 
microtic ear and number of complications. None of the fac-
tors evaluated showed a statistically significant association to 
increased number of complications. However, both increase 
in microtia severity and increase in number of total surger-
ies were associated with decreased aesthetic ratings.
In terms of psychosocial outcomes, our experience 
demonstrated that treatment of hearing impairment was 
the only statistically significant predictor of improved psy-
chosocial outcomes.
The total number of surgeries to achieve the optimal 
aesthetic result in ear reconstruction is often determined 
by a variety of factors. The most obvious and objective 
factor is addressing complications such as exposure or in-
fection resultant from previous stages of ear reconstruc-
tion. Subjective factors such as aesthetic satisfaction from 
the surgeon and the patient also contribute to increased 
number of revisions. From both our cohort and our ex-
perience, ear reconstruction frequently entails revisions 
after the 2 major stages for various reasons. In our cohort, 
the primary reason for revision was to increase projection 
of the ear. This is a common occurrence as the scar tis-
sue contracts down. However, while increased number of 
complications was not a significant predictor of aesthetic 
ratings, increased number of surgeries was a statistically 
significant predictor of poorer aesthetic outcomes.
Age of surgery for addressing microtia and aural 
atresia is an often-debated variable. Among the major-
ity of surgeons, the ideal time to reconstruct a child’s 
ear is prior to school age to avoid difficulties with social 
Table 7.  Poisson Regression of Patient and Treatment 
Variables for Improved Aesthetic Outcomes
Patient and Treatment Variables IRR 95% CIs P
Patient Variables    
  Gender 1.096 0.890–1.349 0.387
  Laterality 1.053 0.940–1.179 0.373
  Severity of microtia 0.763 0.658–0.886 < 0.001
  Mandibular involvement 0.996 0.766–1.295 0.974
  Hearing loss 0.921 0.653–1.297 0.636
  Psychosocial issues 1.054 0.852–1.303 0.630
Surgical variables: first stage  
ear reconstruction
   
  Age at first stage ear 
 reconstruction
1.001 0.968–1.035 0.963
  Type of cartilage framework 0.952 0.830–1.092 0.484
  Type of skin incision 1.103 0.939–1.296 0.232
Surgical variables: second stage  
ear reconstruction
   
  Age at second stage ear  
reconstruction
0.985 0.938–1.034 0.537
  Usage of fascial flap 1.031 0.812–1.308 0.805
Treatment of hearing loss    
  Any treatment of hearing loss 1.100 0.885–1.366 0.390
  Surgical treatment of  
hearing loss
1.045 0.849–1.286 0.679
Total number of surgeries 0.954 0.927–0.982 0.001
Total number of complications 0.984 0.882–1.097 0.768
Table 8.  Logistic Regression of Patient and Treatment 
Variables that Predict Good Psychosocial Outcomes
Patient and Treatment Variables OR 95% CI P
Patient variables    
  Gender 0.762 0.240–2.415 0.644
  Laterality 0.934 0.478–1.824 0.841
  Severity of microtia 0.936 0.345–2.540 0.897
  Mandibular involvement 3.125 0.730–13.370 0.124
  Hearing loss 1.029 0.171–6.188 0.975
Surgical variables    
  Age at first stage ear  
reconstruction
0.901 0.746–1.089 0.281
  Age at second stage ear  
reconstruction
0.780 0.573–1.063 0.116
  Number of complications 1.304 0.642–2.647 0.463
  Total number of surgeries 1.133 0.943–1.360 0.181
  Aesthetic rating 0.926 0.440–1.945 0.838
Treatment of hearing loss    
  Any treatment of hearing loss 4.889 1.459–16.381 0.010
  Surgical treatment of  
hearing loss
3.810 0.940–15.446 0.061
  Nonsurgical treatment of  
hearing loss
1.680 0.455–6.208 0.437
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 integration. However, the Nagata/Firmin technique fre-
quently requires a sizeable construct, which may be dif-
ficult to acquire in young children. Furthermore, changes 
in the cartilage from resorption may also occur with time, 
thereby decreasing the likelihood of an aesthetic out-
come. In our cohort, we have found no increases in sur-
gical complications, reoperations, or improved aesthetic 
ratings when we performed regression analyses with age 
of reconstruction.
In our cohort of patients followed into teenage years, 
hearing loss was present in 87.1% of patients with micro-
tia, the majority of which was conductive in nature due to 
middle ear deformities and canal atresia. In total, 18.5% 
of patients had mixed sensorineural and conductive hear-
ing loss, which is a considerably larger number than that 
in other reports published.12,19 The larger proportion of 
hearing loss that is sensorineural in nature has important 
consequences in treatment, as cochlear implants may have 
an expanding role. Our study has noted that canaloplas-
ties have a tendency to have somewhat higher revision 
rates than BAHA placement, due to restenosis. However, 
we find correction of the abnormal anatomy via atresia re-
construction to be superior to BAHA placement in that we 
and others have observed that compliance with external 
devices in children is low and diminishes with time.20
It is now well established by many investigators that psy-
chosocial benefits occur following reconstruction of the 
external ear.10,21–23 Steffen et al.21,22 have demonstrated a 
clear benefit to psychosocial functioning following micro-
tia reconstruction using rib cartilage; however, consider-
ation of functional hearing was not reported in this series. 
Similarly, many of the larger series on microtia reconstruc-
tion do not discuss the combined outcomes following 
treatment of functional hearing loss and external ear de-
formities.7,24 With the recognized importance of binaural 
hearing, reconstruction of the appearance of the external 
ear and the impairment of the hearing apparatus requires 
consideration as a functional unit even when the anomaly 
is unilateral.25–31 Our work focuses on a cohort of patients 
who have been offered treatment for both external ear 
deformities and hearing impairment. Although one may 
expect that severity of the ear deformity, bilaterality, defor-
mities of other associated structures, total complications, 
total number of surgeries, or aesthetic ratings may affect 
psychosocial outcomes, we found that none of these vari-
ables predicted psychosocial outcomes in a statistically sig-
nificant manner. In fact, treatment of hearing impairment, 
regardless of the unilaterality or bilaterality, was the only 
factor that had any bearing on psychosocial outcomes.
Justine C. Lee, MD, PhD
Division of Plastic and Reconstructive Surgery
University of California Los Angeles
200 Medical Plaza
Suite 465
Los Angeles, CA 90095–6960
E-mail: justine@ucla.edu
REFERENCES
 1. Luquetti DV, Heike CL, Hing AV, et al. Microtia: epidemiology 
and genetics. Am J Med Genet A. 2012;158A:124–139.
 2. Gougoutas AJ, Singh DJ, Low DW, et al. Hemifacial microsomia: 
clinical features and pictographic representations of the OMENS 
classification system. Plast Reconstr Surg. 2007;120:112e–120e.
 3. Firmin F. Ear reconstruction in cases of typical microtia. Personal 
experience based on 352 microtic ear corrections. Scand J Plast 
Reconstr Surg Hand Surg. 1998;32:35–47.
 4. Firmin F. State-of-the-art autogenous ear reconstruction in cases 
of microtia. Adv Otorhinolaryngol. 2010;68:25–52.
 5. Nagata S. A new method of total reconstruction of the auricle for 
microtia. Plast Reconstr Surg. 1993;92:187–201.
 6. Firmin F, Marchac A. A novel algorithm for autologous ear re-
construction. Semin Plast Surg. 2011;25:257–264.
 7. Brent B. Microtia repair with rib cartilage grafts: a review of 
personal experience with 1000 cases. Clin Plast Surg. 2002;29: 
257–71, vii.
 8. Tanzer RC. Total reconstruction of the external ear. Plast Reconstr 
Surg Transplant Bull. 1959;23:1–15.
 9. Farkas LG, Posnick JC, Hreczko TM. Anthropometric growth 
study of the ear. Cleft Palate Craniofac J. 1992;29:324–329.
 10. Li D, Chin W, Wu J, et al. Psychosocial outcomes among microtia 
patients of different ages and genders before ear reconstruction. 
Aesthetic Plast Surg. 2010;34:570–576.
 11. Volpicelli EJ, Pfaff MJ, Hakimi K, et al. Age related differences 
in psychosocial function in children with craniofacial anomalies. 
Plast Reconstr Surg. 2017. [Epub ahead of print].
 12. Rahbar R, Robson CD, Mulliken JB, et al. Craniofacial, temporal 
bone, and audiologic abnormalities in the spectrum of hemi-
facial microsomia. Arch Otolaryngol Head Neck Surg. 2001;127: 
265–271.
 13. Converse JM, Coccaro PJ, Becker M, et al. On hemifacial mi-
crosomia. The first and second branchial arch syndrome. Plast 
Reconstr Surg. 1973;51:268–279.
 14. Lipan MJ, Eshraghi AA. Otologic and audiology aspects of micro-
tia repair. Semin Plast Surg. 2011;25:273–278.
 15. Evans AK, Kazahaya K. Canal atresia: “surgery or implantable 
hearing devices? The expert’s question is revisited”. Int J Pediatr 
Otorhinolaryngol. 2007;71:367–374.
 16. Bouhabel S, Arcand P, Saliba I. Congenital aural atresia: bone-
anchored hearing aid vs. external auditory canal reconstruction. 
Int J Pediatr Otorhinolaryngol. 2012;76:272–277.
 17. Firmin F, Sanger C, O’Toole G. Ear reconstruction following 
severe complications of otoplasty. J Plast Reconstr Aesthet Surg. 
2008;61:S13–S20.
 18. Grabb WC. The first and second branchial arch syndrome. Plast 
Reconstr Surg. 1965;36:485–508.
 19. Bassila MK, Goldberg R. The association of facial palsy and/or 
sensorineural hearing loss in patients with hemifacial microso-
mia. Cleft Palate J. 1989;26:287–291.
 20. Nelissen RC, Mylanus EA, Cremers CW, et al. Long-term com-
pliance and satisfaction with percutaneous bone conduction de-
vices in patients with congenital unilateral conductive hearing 
loss. Otol Neurotol. 2015;36:826–833.
 21. Steffen A, Wollenberg B, König IR, et al. A prospective evalua-
tion of psychosocial outcomes following ear reconstruction with 
rib cartilage in microtia. J Plast Reconstr Aesthet Surg. 2010;63: 
1466–1473.
 22. Steffen A, Magritz R, Frenzel H, et al. Psychometric validation 
of the youth quality of life-facial differences questionnaire in pa-
tients following ear reconstruction with rib cartilage in microtia. 
Plast Reconstr Surg. 2012;129:184e–186e.
 23. Kristiansen M, Öberg M, Wikström SO. Patients’ satisfaction af-
ter ear reconstruction with autologous rib cartilage. J Plast Surg 
Hand Surg. 2013;47:113–117.
 24. Zhang Q, Zhang R, Xu F, et al. Auricular reconstruction for mi-
crotia: personal 6-year experience based on 350 microtia ear re-
constructions in China. Plast Reconstr Surg. 2009;123:849–858.
 Mandelbaum et al. • Evaluation of 4 Outcomes Measures in Microtia Treatment
7
 25. Dutt SN, McDermott AL, Irving RM, et al. Prescription of binau-
ral hearing aids in the United Kingdom: a knowledge, attitude 
and practice (KAP) study. J Laryngol Otol Suppl. 2002:2–6.
 26. Bess FH, Tharpe AM. An introduction to unilateral sensorineu-
ral hearing loss in children. Ear Hear. 1986;7:3–13.
 27. Theunissen SC, Rieffe C, Soede W, et al. Symptoms of psycho-
pathology in hearing-impaired children. Ear Hear. 2015;36: 
e190–e198.
 28. Ho EC, Monksfield P, Egan E, et al. Bilateral bone-anchored 
hearing aid: impact on quality of life measured with the Glasgow 
Benefit Inventory. Otol Neurotol. 2009;30:891–896.
 29. Byun H, Moon IJ, Woo SY, et al. Objective and subjective im-
provement of hearing in noise after surgical correction of unilat-
eral congenital aural atresia in pediatric patients: a prospective 
study using the hearing in noise test, the sound-spatial-quality 
questionnaire, and the Glasgow Benefit Inventory. Ear Hear. 
2015;36:e183–e189.
 30. Chang SO, Choi BY, Hur DG. Analysis of the long-term hear-
ing results after the surgical repair of aural atresia. Laryngoscope. 
2006;116:1835–1841.
 31. Avan P, Giraudet F, Büki B. Importance of binaural hearing. 
Audiol Neurootol. 2015;20:3–6.
